Scotch broom (Cytisus scoparius), French broom (Genista monspessulana), Spanish broom (Spartium junceum), and Portuguese, or striated, broom (Cytisus striatus) were introduced into California in the mid-1800s for landscape planting, mine tailings stabilization, and roadside erosion control. The abundant bright yellow flowers were used medicinally, and the stems were cut for broom-making materials.
I D E N T I F I C AT I O N Scotch Broom
Scotch broom is an upright evergreen shrub that can grow to 12 feet (3.6 m) tall but is more commonly 3 to 6 feet (0.9 to 1.8 m) high ( fig. 1 ). It reproduces by seed that germinate mainly in spring and autumn. Young plants usually do not flower until their third year. While plants live for up to 25 years (Waloff 1968) , Scotch broom has an average life span of 17 years (Waloff and Richards 1977) .
Stems are numerous, erect, woody, green to brownish green, prominently ridged, and five-angled. Young stems remain green for about 3 years and actively photosynthesize (Munz and Keck 1973) .
Leaves occur singly or in clusters, on short stalks, with scattered hairs above and soft hairs below the bright green groups of three leaflets. Single leaflets can be found on the growing tips. Each leaflet is oval to lance-shaped, 1 ⁄16 to 5 ⁄16 inch (1.6 to 8 mm) wide. The central leaflet is largest, up to 3 ⁄4 inch (19 mm) long. New leaves, P U B L I C A T I O N 8 0 4 9 UNIVERSITY OF CALIFORNIA Agriculture and Natural Resources produced in spring, are often lost during the dry summer months or other periods of stress. Plants may be leafless for most of the year (Munz and Keck 1973) .
Flowers are pea-like, bright yellow, and sometimes with red markings in the center, and are borne on short stalks. They are solitary in the leaf axil and are about 1 ⁄2 to 1 inch (12.5 to 25.5 mm) long. April to June is the peak flowering time, but some flowers may appear sporadically throughout the year (Munz and Keck 1973) .
Fruit are flat, brown or black, and hairy on the margins. Mature pods are 1 to 2 1 ⁄2 inches (2.5 to 6.5 cm) long and 5 ⁄16 to 1 ⁄2 inch (8 to 12.5 mm) wide ( fig. 2) . The pods ripen during summer and burst open to eject the seed. Some pods curl up after seed are ejected.
Seed are green to yellowish-brown when ripe. Each pod contains 5 to 20 shiny, rounded or slightly flattened seed that are 1 ⁄8 inch (3.2 mm) long and 1 ⁄16 inch (1.6 mm) wide (Hickman 1993) .
Other Brooms
Portuguese, French, and Spanish brooms can be similar to Scotch broom in size, color, and appearance of flowers and stems (see table 1 ).
French broom has obvious and more persistent trifoliolate leaves than Scotch broom. Leaflets are largely oval and about 1 ⁄4 inch (6.5 mm) long. Leaflets appear waxy above and slightly hairy below. Spanish broom is often leafless or nearly leafless, especially later in the season (Hickman 1993) . Portuguese broom closely resembles Scotch broom in terms of leaf patterns and is often mistaken for it. Unlike Scotch broom, the flowers of Spanish and French brooms occur in clusters. Spanish broom flowers appear as racemes at the end of the twigs; French broom clusters are found in the axial of the branches. Spanish broom flowers are noticeably fragrant; French broom flowers are less fragrant. Spanish broom has round stems; French broom stems are ridged but not sharply angled. Portuguese broom is round in cross-section with 8 to 10 very fine ribs along the surface.
U S E S
As the name implies, broom species were used historically for broom production. Broom plants were also used for thatching, fence rows, and cattle fodder. The flowers were used as a hop substitute in beer making, and the seed have been used as a coffee substitute. The woody plant was used for tanning leather, and very large, old stems were used for veneer. Even the fibrous stems were used to make cloth (Hoshovsky 1985) .
The leaves, bark, and flowers were gathered for their medicinal properties. Broom contains alkaloids and hydroxytyramine and should not be ingested in any form. While various parts of the plant are said to be cathartic, diuretic, and emetic, large doses can cause vomiting, purging, and low blood pressure and can also speed up the heartbeat. Large doses have been reported to cause fatal poisoning. Advanced stages of toxicity can cause complete respiratory collapse (Duke 1985 ).
E C O L O G Y
Scotch broom is native to the British Isles and central and southern Europe. It was initially introduced into the United States as an ornamental and later to control erosion and stabilize coastal dunes. Today Scotch broom is estimated to infest more than 600,000 acres (240,000 ha) in California (McClintock 1985) .
French and Spanish brooms are native to the Mediterranean region and the Canary Islands. They were first introduced into California around 1850 as ornamentals (Butterfield 1964) . French broom is the most widespread of the three species, reported in at least 23 counties in California. Spanish broom is less widely distributed but appears to be expanding it range.
Distribution of all the brooms in Southern California and the Central Valley is limited by dry conditions. At higher elevations, cold winter temperatures limit them.
S O I L S A N D R O O T S Y S T E M
Brooms can successfully invade pastures, fields, and grasslands. All brooms grow best in dry, sandy soils in full sunlight, but they also grow well in a variety of soil textures and a wide pH range (Gill and Pogge 1974) .
A common feature of the invasive brooms is an aggressive root system characterized by a taproot that can exceed 2 feet (0.6 m) in length and an extensive, manybranched, shallow lateral root system. As with most legume species, brooms are able to fix nitrogen from the atmosphere. This allows them to grow on otherwise poorquality soils (Mountjoy 1979) .
G R O W T H
Stem growth can be rapid (3 to 4 feet, or 0.9 to 1.2 m) in the first year. Initial rapid growth during the first 4 or 5 years is followed by 6 to 8 years of relatively slow growth. This is followed by a period of senescence in which there is more dead, woody tissue than green tissue.
Green broom stems are photosynthetic. On mature Scotch, Portuguese, and Spanish brooms, the stems are responsible for almost all of the plant' s photosynthetic capacity. French broom also has photosynthetic stems, but the persistent leaves also contribute significantly to the plant' s photosynthetic ability.
R E P R O D U C T I O N A N D S P R O U T I N G
Brooms are often found along roadsides in nearly pure stands where soils are frequently disturbed. Equipment and contaminated road surfacing materials can spread seed. While Scotch, French, Portuguese, and Spanish brooms do not establish well in highly shaded areas, they initially invade open sites such as logging roads, landings, skid trails, and harvest areas.
A mature Scotch broom plant can produce about 15,000 seed per year. On average, less than 5 percent of the seed are lost to insect predation, and 98 percent of surviving seed are viable (Bossard 1990 ).
Scotch broom, like other pioneer species, uses a variety of tactics to spread. About 40 percent of the seed in any year germinate immediately after dispersal, and another 25 percent germinate the second year ( fig. 3 ). The majority of the remaining seed have an impervious seed coat that requires scarification for germination to occur. Movement along waterways, transportation in gravel and road surface materials, or exposure to low-intensity grass or brush fires can stimulate germination of these seed (Bossard 1990 ). 
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Seed will germinate for many years even after the parent plants are removed. Seed stored in glass jars at Kew Gardens in England remained viable after 81 years (Turner 1933) . In the field, seed were found to germinate at least 4 years after removal of the seed (Bossard 1990 ).
In the Sierra Nevada, few animals eat Scotch broom seed. In coastal conditions, quail and grouse can be relatively effective seed predators, digesting enough of the seed to effectively kill them. Increased soil disturbance can increase infestation in most sites, but it can also increase predation by quail and grouse, possibly because seed are easier for the birds to find (Bossard 1990 ).
Scotch broom also sprouts readily. Plants that are cut during the growing season can grow back to the original size in 1 to 2 years (Bossard 1990 ).
C O N T R O L S T R AT E G I E S IPM
Integrated pest management (IPM) is an ecosystem-based strategy that focuses on long-term prevention of pests through a combination of techniques such as biological control, pesticide use, habitat manipulation, and modification of cultural practices. Pesticides are used only after monitoring indicates that they are needed according to established guidelines, and treatments are made with the goal of removing only the target organism. Pest control chemicals are selected and applied in a manner that minimizes risks to human health, beneficial and nontarget organisms, and the environment.
Through IPM practices, we can develop a strategy for controlling Scotch, French, Portuguese, and Spanish brooms. Heavy shade is an effective long-term treatment. Broom is moderately shade intolerant, needing nearly full sunlight to thrive. It will grow in partial shade, but the plants grow slower. French broom appears to be more tolerant of shade than Scotch or Spanish brooms (Williams 1981) . Competition from grasses and other vegetation may control broom seedlings; removal of broom should be followed by propagation of preferred plants. Although about a dozen potential insect biological control agents have been identified and are under investigation, no releases have yet been approved.
Mechanical Control
Hand-pulling of young plants is an effective strategy when the infestation is relatively small. Hand-pulling is easiest when the soil is moist. It is most effective before the plants produce seed, in the first 2 years following germination. Large plants can be mechanically removed using specialized tools. Hoeing very young plants can also be effective. Both of these techniques cause some soil disturbance that can lead to reinvasion.
Broom seed geminate only in the top 2 1 ⁄2 inches (6.5 cm) of the soil (Bossard 1990) . Soil disturbance should be avoided as much a possible, as it can bring these long-lived seed close enough to the surface to germinate.
Only about 10 percent of Scotch broom stems will re-sprout when lopped near the base during the driest period of the season, which generally extends from the end of July until the first rains in October. Lopping at other times can lead to vigorous sprouting. For the most effective results, lop within 3 inches (7.5 cm) of the soil surface (Bossard 1990 ).
Mowing is also more effective when Scotch broom is under drought stress. Since drought stress and high fire danger occur together, care should be taken to avoid causing sparks with the equipment. Mowing close to the ground results in the least amount of sprouting.
Deer, rabbits, and other herbivores do not readily graze brooms, possibly due to the bitter taste of the stems and the availability of more palatable forage (Bossard 1990 ). However, grazing does occur in other parts of the world, where goats control Scotch broom.
Fire for Control
Using fire to control Scotch and French brooms has had varied results. Some researchers suggest frequent prescribed fires to encourage regeneration and deplete the seed bank over time. Cooler fires can encourage seed germination, followed by prescribed fires that kill the young seedlings before they generate seed (Swezy and Odion 1997) . Soil temperatures from 130°F to 300°F (54°C to 149°C) in moist conditions have been shown to stimulate seed germination (Bossard 1990) .
A hot fire produced by hand-cutting mature plants, allowing the cut material to dry, and then burning in spring effectively controlled French broom re-spouts but had little effect on germination (Boyd 1995) . Hot fires that generate soil temperatures over 300°F (149°C) killed Scotch broom seed (Bossard 1990) . Obtaining soil temperatures at this high temperature and deep enough to effectively deplete the seed bank is difficult to achieve safely.
Chemical Control
Many herbicides are effective on broom. The concentration, timing, and method of application determine which herbicide and method of application are most appropriate. Since herbicide formulations and recommendations are subject to change, check with your local county agricultural commissioner or pest control adviser for current recommendations.
Glyphosate is an effective herbicide that is available to landowners for control of broom. Spray the plant with a solution of 1.5 to 2 percent a.i. glyphosate mixed in water until the plant is thoroughly wet. Apply this mixture just as the flowers are blooming for most effective control. Painting the cambium region of cut broom stumps with a glyphosate or triclopyr solution at 50 percent a.i in water can also be effective. Stump treatments are most effective when applied within a few minutes of cutting. 
Getting a Handle on Broom

F O R M O R E I N F O R M AT I O N
Publication 8049
©2001 by the Regents of the University of California, Division of Agriculture and Natural Resources. All rights reserved.
The University of California prohibits discrimination against or harassment of any person employed by or seeking employment with the University on the basis of race, color, national origin, religion, sex, physical or mental disability, medical condition (cancer-related or genetic characteristics), ancestry, marital status, age, sexual orientation, citizenship, or status as a covered veteran (special disabled veteran, Vietnam-era veteran or any other veteran who served on active duty during a war or in a campaign or expedition for which a campaign badge has been authorized). University Policy is intended to be consistent with the provisions of applicable State and Federal laws.
Inquiries regarding the University' s nondiscrimination policies may be directed to the Affirmative Action/Staff Personnel Services Director, University of California, Agriculture and Natural Resources, 300 Lakeside Drive, 6th floor, Oakland, CA 94612-3550; (510) 987-0096. For a free catalog of other publications, telephone (800) 994-8849.
pr-11/01-SB/VFG
This publication has been anonymously peer reviewed for technical accuracy by University of California scientists and other qualified professionals. This review process was managed by the ANR Associate Editor for Natural Resources.
Getting a Handle on Broom
ANR Publication 8049
Warning on the Use of Chemicals
Pesticides are poisonous. Always read and carefully follow all precautions and safety recommendations given on the container label.
Store all chemicals in the original labeled containers in a locked cabinet or shed, away from food or feeds, out of the reach of children, unauthorized persons, pets, and livestock.
Confine chemicals to the property being treated. Avoid drift onto neighboring properties, especially gardens containing fruits and/or vegetables ready to be picked.
Dispose of empty containers carefully. Follow label instructions for disposal. Never reuse containers. Make sure empty containers are not accessible to children or animals.
Never dispose of containers where they may contaminate water supplies or natural waterways. Do not pour down sink or toilet. Consult your county agricultural commissioner for correct ways of disposing of excess pesticides. Never burn pesticide containers.
